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dxn
dt
= F (xn)− qn +
∑
m 	=n
σnm(xm − xn), m, n = 1, N, σnm = σmn
P& xn(t) W . 4)   11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.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F (xn) = rnxn (1− knxn) ,
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*&A
V (q) =
N∑
n=1
T∫
0
e−δ·t [Pn − c (xn)] · qndt
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1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-/A
dxn
dt
= F (xn)− qn +
∑
m 	=n
σnm(xm − xn), m, n = 1, N, σnm = σmn,
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/  1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-/A
xn(0) = an, xn(T ) ≥ An,
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A
0 ≤ qn ≤ q, n = 1, N.
P& c(xn) W 5$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cn(xn) =
1 + bnxn
xn
,
 bn W 1&7 4  ?. $ # Pn W 1&  
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V (q) = −
N∑
n=1
T∫
0
e−δ·t ·
[
Pn − 1 + bnxn
xn
]
· qn · dt+
+ Dk
N∑
n=1
(max {An − xn (T ) , 0})2,
 Dn )*0*& 75 N55$ ) .-/A
dxn
dt
= rnxn(1− knxn)− qn +
∑
m 	=n
σnm(xm − xn), m, n = 1, N, σnm = σmn,
0 ≤ qn ≤ q, n = 1, N.
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A
H(λ0, x, (t), q, t) = λ0 ·
N∑
n=1
e−δ·t[Pn − 1 + bnxn
xn
] · qn+
+
N∑
n=1
pn[rnxn(1− knxn)− qn +
∑
m 	=n
σn m(xm − xn)],
)1*& )$ (xn(·), qn(·)) *- *M,1 *-1A
H(t, x¯(t), q¯(t), p(t), λ0) = max
q∈U
H(t, x¯(t), q, p(t), λ0), )  t ∈ [0, T ];
*
λ0 ·
N∑
n=1
e−δ·t
[
Pn − 1 + bnxn
xn
]
· qn+
+
N∑
n=1
pn
⎛
⎝rnxn (1− knxn)− qn + ∑
m 	=n
σn m (xm − xn)
⎞
⎠ =
= max
0≤qn≤q
[λ0 ·
N∑
n=1
e−δ·t[Pn − 1 + bnxn
xn
] · qn+
+
N∑
n=1
pn(rnxn(1− knxn)− qn +
∑
m 	=n
σn m(xm − xn))]
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
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φn(t) = λ0 · e−δ·t
[
Pn − 1 + bnxn
xn
]
− pn.
)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- 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-A
qn =
⎧⎨
⎩
0, ) φn(t) < 0,
q, ) φn(t) > 0,
[0, q] , ) φn(t) = 0.
)-0 5$ pn(t) *-M 1 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pn(t) = − ∂H
∂xn
(t, x¯(t), q¯(t), p(t), λ0);
*
·
p˙l(t) = −λ0 · ql · e−δ·t 1
x2l
− pl(rl − 2rlklxl) + pl
∑
m 	=l
σml −
∑
n	=l
σlnpn, l,m, n = 1, N.
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A
pn (T ) =
{
2λ0Dk (An − xn (T )) , An − xn (T ) > 0
0, An − xn (T ) ≤ 0, ; n = 1, N.
K 	'35%4(< (2253'B(C< 4?&1 4 [0, T ] .1 ti = t0 +
iΔt, i = 0, q  q . 1 ?4.-
x(ti) = xi, q(ti) = qi, f(ti, x(ti), q(ti)) = f i(xi, qi).
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V (q) = −
N∑
n=1
q−1∑
i=0
e−δ·Δt·i ·
[
Pn − 1 + bnx
i
n
xin
]
· qin ·Δt + Dk
N∑
n=1
(max {An − xqn, 0})2
xi+1n = x
i
n + Δt
⎛
⎝rnxin − rnkn (xin)2 − qin + ∑
m 	=n
σnm
(
xim − xin
)⎞⎠ ,
i = 0, q − 1, n = 1, N,
x0n = an, n = 1, N + 1,
0 ≤ qin ≤ q, n = 1, N, i = 0, q − 1.
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xi+1n − xin
Δt
= k2,n = rin
(
xin +
Δt
2
k1,n
)(
1− k1,n
(
xin +
Δt
2
k1,n
))
− qin+
+
∑
m 	=n
σmn
((
xim +
Δt
2
k1,m
)
−
(
xin +
Δt
2
k1,n
))
, m, n = 1, N.
k1,n = rnxin − rnknin − qin +
∑
m 	=n
σnm
(
xim − xin
)
, i = 0, q − 1, n = 1, N.
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V (q) = −Δt1
2
N∑
n=1
([
Pn − 1 + bnx
0
n
x0n
]
· q0n − e−δ·T
[
Pn − 1 + bnx
q
n
xqn
]
· qqn
)
−
−Δt
N∑
n=1
q−1∑
i=0
e−δ·Δt·i ·
[
Pn − 1 + bnx
i
n
xin
]
· qin + Dk
N∑
n=1
(max {An − xqn, 0})2.
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A
V (q) = −Δt1
2
N∑
n=1
([
Pn − 1 + bnx
0
n
x0n
]
· q0n − e−δ·T
[
Pn − 1 + bnx
q
n
xqn
]
· qqn
)
−
−Δt
N∑
n=1
q−1∑
i=0
e−δ·Δt·i ·
[
Pn − 1 + bnx
i
n
xin
]
· qin + Dk
N∑
n=1
(max {An − xqn, 0})2.
xi+1n = x
i
n + Δt
[
rn
(
xin +
Δt
2
k1,n
)(
1− kn
(
xin +
Δt
2
k1,n
))
− qin+
+
∑
m 	=n
σmn
((
xim +
Δt
2
k1,m
)
−
(
xin +
Δt
2
k1,n
))
, m, n = 1, N.
ki1 = rnx
i
n(1− xin)− qin +
∑
m 	=n
σnm
(
xm − xin
)
, m, n = 1, N, i = 0, q − 1,
x0n = an, n = 1, N ,
0 ≤ qin ≤ q, n = 1, N, i = 0, q.
;ED  
Ai =
(
1 + Δt
(
r1 − 2r1k1xi1 − σ12
)
σ12
σ21 1 + Δt
(
r2 − 2r2k2xi2 − σ21
) )
,
i = 0, q − 1
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dxN+1
dt = 1   /- 4. )?4-  4.  5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A
V [q] =
N∑
n=1
T∫
0
e−δ·xN+1 · [Pn − 1 + bnxn
xn
] · qn · dt,
dxn
dt
= rnxn(1− knxn)− qn +
∑
m 	=n
σnm(xm − xn), m, n = 1, N, σnm = σmn,
dxN+1
dt
= l,
xn(0) = an,
xn(T ) ≥ An,
qn ∈ [0, q] = U, n = 1, N.
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V (q) = −
N∑
n=1
T∫
0
e−δ·xN+1(t) ·
[
Pn − 1 + bnxn(t)
xn(t)
]
· qn(t) · dt+
+ Dk
N∑
n=1
(max {An − xn(T ), 0})2,
dxn
dt
= rnxn(1− knxn)− qn +
∑
m 	=n
σnm(xm − xn), m, n = 1, N, σnm = σmn,
dxN+1
dt
= l,
xn(0) = an,
0 ≤ qn ≤ q, n = 1, N.
 k = 1, 2, 3 . . . , DK > 0, lim
k−→∞
Dk = ∞.
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V (q) = −
N∑
n=1
q−1∑
i=0
e−δ·x
i
N+1 ·
[
Pn − 1 + bnx
i
n
xin
]
· qin ·Δt + Dk
N∑
n=1
(max {An − xqn, 0})2,
xi+1n = x
i
n + Δt
⎛
⎝rnxin − rnkn (xin)2 − qin + ∑
m 	=n
σnm
(
xim − xin
)⎞⎠ , i = 0, q − 1,
n = 1, N
xi+1N+1 = x
i
N+1 + Δt, Δt = l(ti+1 − ti),
x0n = an, n = 1, N + 1,
0 ≤ qin ≤ q, n = 1, N, i = 0, q − 1.
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L(x, q, p, λ0) = −λ0
N∑
n=1
q−1∑
i=0
e−δ·x
i
N+1 ·
[
Pn − 1 + bnx
i
n
xin
]
· qin ·Δt+
+ λ0Dk
N∑
n=1
(max {An − xqn, 0})2+
+
N∑
n=1
q−1∑
i=0
pi+1n ·
⎡
⎣xi+1n − xin −Δt ·
⎛
⎝rnxin(1− knxin)− qin +
σmn(x
i
m−xin)∑
m 	=n
⎞
⎠
⎤
⎦+
+
q−1∑
i=0
pi+1N+1
(
xi+1N+1 − xiN+1 −Δt
)
.
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pil = λ0e
−δ·xiN+1 · qil ·Δt
1(
xil
)2 + pi+1l + Δt · pi+1l ·
⎛
⎝rl − 2klrlxil −
σml∑
m 	=l
⎞
⎠+
+ Δt
∑
n	=l
σlnpn, l = 1, n
pi+1N+1 = p
i
N+1 − λ0 ·
N∑
n=1
([
Pn − 1 + bnx
i
n
xin
]
· qin
)
· δ ·Δt · e−δ·xiN+1, i = 0, q − 1,
;EB  
pqN+1 = 0,
pqn =
{
2λ0Dk (An − xqn) , An − xqn > 0
0, An − xqn ≤ 0, ; n = 1, N.
∂L
∂qin
= −λ0e−δ·xiN+1 ·Δt
[
Pn − 1 + bnx
i
n
xin
]
+ pi+1n Δt, i = 0, q − 1, n = 1, N
R N)   ? 1 )14$  * *-6
- )1 1  )1*& 7# 410 ,- *6
*&/ 7# ) *?*& )1*& 7- P11# . )
? 1 )14$ ?/1 *& *- )1 1
!/#  ? .*& )?*0-# 7  )# 756
/ N55$# ."  .* )1*& )*- 
P. 7- 11 5$ 75# *- *- )1
4.  )1*& )* 
*. .* 7- )1*& )*- *M-  6
.1 4*&1# 1  )*&4 )$) 111
%  - 
- N) 4*M.-  *4 )*. )1*& 7-  46
1  .*&/ /# )1 4. )1*& )*- 
$* 5$* T N) 10 )&  $ / 16
. 1# . )**&/ 5# *-M,/  7 4.#
?/1 . *./ 41,  )? )*-  1/
4./ ? )*&4  /  1141 !1146
1" 5$* -*-- ) ,  / * ?* 5$*#
)1#  4. ?- 114& )?*&  /& )*&46
1   41   N1 *. ?/1 )&  *6
& 10  *. 4*& ?/1 )&  *& 
51*&1 11.1 -4#   )& 1 54. *&
1* 
2'3 "4%5(45&
o;p    )1*& )* 1.1 11 q  &A
 	# ;HHH 
oDp    # :*  ' '1. 1* q  &A  6
	# D==B
o@p    # 1   )1*& )* q  &A 4  8
'T# D==F 
oBp    # :*  ' $ .*  1 )16
4$ q '# 7- 7*# D==F 
